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This report concerns a pre-embedding in situ double-step 
immunogold technique to detect cell surface antigens of 
skin infiltrating cells. Reliable immunogold labeling of cell 
surface antigens, as well as good ultrastructural preserva-
tion of cell and tissue details, were achieved. In comparison 
with the commonly used method of in situ immunoper-
oxidase labeling, the present in situ immunogold labeling 
T here are 2 types of techniques available to detect tissue antigel?S by immunogold (IG) in immunoelectron mi-croscopy (IEM): in pre-embedding techniques the IG labeling is achieved before the embedding procedures, while the post-embedding techniques are performed 
on ultrathin sections of plastic-embedded tissue [1] . 
T he IEM detection of skin cell surface antigens has taken ad-
vantage of IG techniques mainly in the pre-embedding labeling 
of surface antigens of cells extracted from skin samples [2]. On 
the other hand , an IG postembedding detection of mostly intra-
cellular antigens on thin sections of resin-embedded skin has re-
cently been achieved [3,4]. For the IEM labeling of resident and 
infiltrating skin cell surface antigens in situ, pre-embedding im-
munoferritin and es pecially immunoperoxidase (IP) techniques 
are mainly used. However, a major disadvantage of the IP pro-
cedures is the scarce specificity [5-8]; moreover, IP techniques 
are not as sensitive as the IG ones [9]. In addition, the IG tech-
niques have important advantages over the immunoferritin meth-
ods [1 ,10]. 
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PFA: para formaldehyde 
has some advantages, such as higher specificity, higher 
sensitivity, and the possibility of estimating the density of 
the labeling. However, a drawback in the present technique 
is the compulsory high-magnification analysis of the spec-
imens at the electron microscope, due to the small size of 
the gold particles . ] Invest Dermatol 87:510-514, 1986 
The present investigation was performed to identify cell sub-
populations infiltrating the skin, by applying a pre-embedding in 
situ IG technique for detecting cutaneous cell surface antigens. 
MA TERIALS AND METHODS 
Skin Samples Biopsies were obtained from skin lesions in 14 
patients suffering from psoriasis (5), contact dermatitis (3), "early" 
(2), or " late" (4) lichen planus [11] . 
All samples were divided in 2 parts: (1) one was minced into 
1-mm3 specimens and prepared for tissue processing for the IG 
labeling procedure in electron microscopy (EM); (2) the other 
was immediately frozen in liquid nitrogen for IP tissue control 
in light microscopy. 
Tissue Processing for IEM One-mm3 specimens were pre-
fixed for 10 min in 4% paraformaldehyde (PFA) in phosphate-
buffered saline (PBS), rinsed in PBS containing 50 mM glycine, 
to quench aldehyde groups. Specimens were then washed in PBS, 
immersed in PBS containing 10% dimethylsulfoxide as a cryo-
protectant, 1 h at 37°C, and cut by a cryostat. Thick sections (20 
1-1-111) were processed for the IG labeling technique. 
Immunoreagents The following "anti-Leu" (Becton-Dickin-
son) and "OK" (Ortho) monoclonal antibodies (MA) reactive 
with lymphoid cell surface antigens were used: anti-Leu 4, OKT3, 
detecting T cells; anti-Leu 3a + 3b, OKT4, detecting helper-in-
ducer (T4) cell subset; anti-Leu 2a, OKT8, reactive with sup-
pressor-cytotoxic (T8) cell subset. Monoclonal antibodies were 
diluted 1: 10 in PBS. As conjugated antiserum, a 5-nm colloidal 
gold particle goat antimouse IgG antibody (GAM G5, Janssen 
Pharmaceutical was used, at a dilution of 1: 10 in 0.05 M Tris 
saline buffer containing 1 % bovine serum albumin (BSA) and 
0.02 M sodium azide, pH 8.2. 
Control immunoreagents included: (1) other MA known to be 
nonreactive with lymphoid cells, such as anti-Leu M3 and OKMl ; 
(2) mouse purified IgG fraction (Pel Freeze Biologicals) and non-
immune mouse ascites fluid (Cappel Laboratories). 
Immunocolloidal Gold Labeling Procedure Sections were 
first incubated in suspension with MA, 12 h. After exhaustive 
washings in PBS for 24 h, sections were incubated with the col-
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Figure 1. T4 immunogold bbeling of the 
dennal infiltrate of a psoriatic les ion. n, Sel1l-
ithin section showing the Iymphohistiocytic 
infi.ltrate in the superficial dermis. Gold gran-
ules are not visible at light microscopic level. 
b, U ltrathin section: at low magnification the 
Leu 33 + 3b immunogold label ing is not yet 
detectable. Two lymphocytes (right) and a 
nonlymphoid cell (Ieji) are identified by their 
ultrastructural characters . Bar = 5 /-Lm. c, T his 
detail of (b) shows a strong T4 immunogold 
labeling of the plasma membrane of a lym-
phocyte, while the faci ng nonlymphoid ce ll 
is negative. Bar = 0.5 /-Lm. 
loidal go ld conjugated antiserum, 12 h. Sectio ns were finally ex-
tensivel y washed in PBS containin g 0.1 % BSA, for 24 h. 
Electron Microscopy Studies After an additiona l fixation us-
ing 1 % g lutaraldehyde (GA) for 1 h , sect io ns were postfixed in 
osmium tetroxide reduced with 2% potassium ferricyanide, de-
Figure 2. Immunogold bbeled T ce lls 
infiltrating the dermis of a les ion of con-
tact dermatitis. a, At this low magnifi-
cation, only ultrastructural characteri stics 
of the infi ltrating lymphocytes arc well 
detectable. BaI' = 10 /-Lm . b, At med ium-
power magnification of a seriated section, 
the Leu 4-positive immunogold labeling 
of the T lymphocytes is still hard ly vis-
ible. Note the preservation of subcellular 
structures. Bar = 1 /-Lm . c, In this detail 
of (b), the gold particles scattered along 
the plasma mem brane of 2 T cells can be 
clearly seen. Bar = 0.2 /-Lm . 
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hyd rated in a graded acetone, and embedded in Durcupan ACM. 
Semi thin sections and ultrathin sections (s ilver) were obtained at 
a LKB III ultramicrotome. The former were routinely stained 
and observed by a light microscope. The latter were examined, 
unsta ined , by means of a Zeiss E M 109 electron microscope or 
a Philips EM 300 electron microscope. 
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Immunocolloidal Gold Controls in EM Two kinds of IG 
controls were ca rried out: (1) ei ther the MA reacting w ith lym-
phoid cells or the control MA were omitted in the first step; (2) 
the MA were substituted in the first step by means of the mouse 
IgG fraction or ascites fluid . 
Immunoperoxidase Tissue Controls in Light Microscopy A 
double-layer IP procedure was performed on unfixed , 4 ~m-thick 
cryostat secti ons, to control the immunoreactivity of infiltrating 
cells in light microscopy. The sam e MA used for the IG-EM 
procedures were utilized. T he IP method using MA is extensively 
described elsewhere [1 2]. 
RESULTS 
Semithin sections did not show any labeling detectable in light 
microscopy; however , they showed that the histologic appea rance 
of the biopsies, including infiltrating cell populations, was con-
sistent in every case with the clinical diagnosis (Fig 1a). Exami-
nation of ultrathin sections revealed the presence of gold particles 
along the cell membrane of labeled cells (Figs 1-4). The preser-
vation of the ultras tructural cell detail s was always reliable 
(Fig 2b). 
lmmunocolloidal Gold Reactivity of Infiltrating Skin 
Cells M any positive cells infiltratin g thc lesional skin of patients 
wi th psoriasis (Fig 1) , contact dermatitis (Fig 2), and lichen planus 
(Figs 3, 4) wcre observed. T cells (Figs 2, 4) were overwhelming 
in all these infiltrates. With regard to lymphocyte subpopulations, 
T4-positive cells (Fig 1) predominated in th e dermal ill filtrate of 
psoriasis, contact dermatitis, and early li chen planus, while TS-
pos itive cells (Fig 3) were abundant in late li chen planus lesions. 
Immunocolloidal Gold Cell Surface Labeling T he intensity 
of IG labeling was consistently variable, dea ling with a variable 
number of granules detectable on the cell membrane. Gold par-
ticles, single o r arranged in small clusters, were fn:quently visible 
along the lymphoid cell surface (Figs 2e, 4b). Numerous particles 
sometimes decorated the plasma membrane oflymph ocytes (Figs 
le, 3b). 
Gold granules were usually not detected along the cell mem-
brane of epidermal cells, infiltratin g nonlymphoid cells (Figs l e, 
4b), or extracellul ar dermal matrix (Figs 1-4). Howcver, so me 
scant nonspecific background staining was occasionally seen, dealing 
with rare gold particles observed in the dermal intercelJular space 
and occasional (lor 2) granules in the proximity of the celJ mem-
brane of unstained cells: th ese latter celJs were considered negative 
[13]. In every case, gold granules wcre not detected either within 
the nucleus or within the cytoplas m of any cell. 
Controls T he IG controls in E M gave negative results. Oc-
casionally a weak nonspecific staining was observed, equivalent 
to the above-mentioned scant background staining occasionall y 
seen in the stained samples. 
Controls using MA known to be nonreactive with lymphoid 
celJs did not label skin-infiltrating lymphoid cells. However, such 
control MA labeled some skin-infiltratin g cells other th an lym-
phoid cells, such as m acrophages . 
DISC USSION 
The present investigation shows the labeling of plasma mem-
brane-associated antigens of infiltrating skin cells by means of a 
simple IG pre-embedding EM technique, in situ. The results dem-
onstrate a sensitive and specific IG labeling together with a good 
preservation of ultras tructural tissue deta ils. 
The present pre-embedding procedure presumably allows bet-
ter preservation of the antigenicity of plasma membrane in com-
parison with the post-embedding procedures, since stronger fix-
ations are required in the latter. CoUoidal gold is currently used 
in IEM postembeddin g techniqucs [14] , mainly using Lowicryl 
K4M [1 5] as a polar embedding m edium . Postembedding pro-
cedures are especially suitable for the detecti on of intraccllular 
antigens [1], even in human epidermal cells [3]. H owever, it is 
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Figure 3. A T8 immunogold labeled ce ll infiltrating the dermis of a late 
les ion of lichen planus. a, At this magnifica tion gold particles are, though 
hardl y visible, decora tin g the ce ll surface of this OKT8-positive lym-
phocyte. Bllr = 1 /Lm . Ii , Higher magnifica tion demonstrates the presence 
of very numerous gold particles along the plasma membrane. Bar = 0.1 
/L m . 
now possible to detect antigcn ic sites at the plasma membrane of 
enterocytes [1 6] and keratinocy tes [4] by applying the protein A 
gold technique on thin sections from low-temperature Lowicryl 
K4M-embedded specimens. Nevertheless, in such epidermal in 
situ postembeddin g studies, the labeling of the cellular periphery 
of keratinocytcs was not obtained in sa mples fixed by means of 
fixation protocols containing GA, but was achieved only in un-
fi xed sa mples, in which an extremely poor preservation of ultra-
structural details resulted [4]. On the contrary, in the GA-fixed 
postembedded sa mples both ultrastructural preservation and good 
intracellular, rather than ceU surface, immunolabeling were achieved 
[4]. In the present study specific membrane labeling and a good 
ultras tru cture were demonstrated in a pre-embedding in situ pro-
cedure, using 4% PFA as a fixative, which preserves the anti-
genicity of surface-associated antigens [17]. 
As shown in recent preliminary observations by others (18), 
our results demonstrate that the known superiority of the IG 
techniqu e in comparison w ith the widely used IP technique also 
concerns the in situ !EM studies on skin samples. In fact, IP 
techniques are less specific, since artifactual locali zations can be 
obtained [6] , and reaction products tend to spread [5 ,S] and be 
reabsorbed onto the cell membranes [7] . Furthermore, IP tech-
niqucs are less sensitive, since, w hen the density of surface an-
tigens is too low, the IG method does reveal them, while the 
absence of IP reactivity is noted, due to the difficulty of deter-
mining a clear-cut positivity with the enzy matic reaction product 
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Figure 4. T immunogold labeling of the 
dermal infiltrate of an early lesion of lichen 
planus. a, Mononuclear cells are visible. Gold 
labe ling (OKT3 MA) is not cvident at this 
m agnifica tion. Bar = 2 J.Lm. b, At higher 
magnifica tion (detail of a) , gold particles arc 
evident, scattcred on the cell sur face of a T 
cell , whereas the facing nonl ymphoid cel l 
does not show any gold particle along its 
plas ma membrane. Bar = 0.2 J.Lm . 
[9] . Moreover, the use of gold particles as the electron-dense 
m a rker allows an easier identifi ca tio n of the labeled structures, 
the y yield lab eIings of hig h reso lution (1 9). and this makes the 
technique suitable for double labelings (20) and fo r quantitative 
evaluatio n (19). 
A disadvantage o f the present technique is the d iffi cul ty o f the 
EM visualization o f the 5-nlTI gold particles at th e low sca nnin g 
powers o f the electron microscope: the smalles t s ize that ca n be 
readily visuali zed in E M is indeed 14 11m 13] . Ano ther pitfall of 
the present techniqu e is that the reagents can diffu se into the w ho le 
thickness of the sections, thus, the density o f the labelin g is de-
pendent o n the thickness of the sectio n itself[1 9J. 
PR E-EM BEDDING GOLD LA BELING O N SKIN SECTI O N S 513 
We ",ish to tl/{l/lk Mrs. Rosy M ilb"l'II , ",110 k illdly rev ised (he ElIglish style of 
th e IIlmlllscript. 
REFERENCES 
1. Roth J, Bendayan M, Orci L: Ultrastructural localization of intra-
ccll ular an tigens by thc use of protein A-gold complex. J His-
tochcm Cytochcm 26: 1074- 1081, 1978 
2. Schmitt D, Faure M, Dezutte r-Dambuyant C, T hivolet J: U ltra-
structural immunogold staining of Langerhans cells. J Invest Dcr-
matol 80:344-345, 1983 
514 DE PANFILlS, FERRARI, AND MANARA 
3. Warhol Mj, Lucocq jM, Carlemalm E, Roth J: Ultras tructural lo-
caliza tion of keratin proteins in human skin using low-tempera ture 
embedding and the protein A-gold technique. J Invest Dermatol 
84:69-72, 1985 
4. Warhol MJ, Roth J, Lucocq JM, Pinkus GS, Rice RH: Immuno-
ultrastructural localization of involucrin in squamous epithelium 
and cultu red keratinocytes. J Histochem Cytochem 33:141-149, 
1985 
5. De Vos R, De Wolf-Peters C, Van Den Oord JJ, Desmet V: A 
recomnlcnded procedure for ultrastructural immunohistochem-
istry on small human tissue samples . ] Histochem Cytochem 
33:959- 964, 1985 
6. Novikoff AB: DAB cytochemistry: artifact problems in its current 
uses. J Histochem Cytochem 28:1 036-1037, 1980 
7. Courtoy PJ, Hunt Picton D, Gist Farquhar M: Resolution and lim-
itations of the immunoperoxidase proccdure in the localization of 
extracellular matrix antigens. J Histochem Cytochem 31 :945-951, 
1983 
8. Messing A, Stieber A, Gonatas NK: Resolution of diaminobcnzidine 
for the detection of horserad ish peroxidase on su rfaces of culturcd 
cells. J Histochem Cytochem 33:837-839, 1985 
9. Schmitt D, Faure M, Dambuyant-Dezuttcr C, ThivoletJ: T he semi-
quantitative distribution ofT4 and T6 surface antigens on hum an 
Langerhans cells. Br j Dermatol 111 :655-661, 1984 
10. Evans NRS, Webb HE: Comparison of protein A-gold and ferritin 
immunoelectron microscopy of Semliki Forest virus in mousc 
brain using a 'rapid processing tcchn ique. J Histochem Cytochem 
32:372-378, 1984 
11. De Panftlis G, Manara GC, Allegra F: Remarks on early' versus late 
lichen planus. Arch Dermatol Res 270:163-166, 1981 
12. De Panfilis G: ATPase, antigens detected by monoclonal antibodies, 
THE JO URNAL OF INVESTIGATIVE DERMATOLOGY 
ultrast ructural characte rs: which is the bes t marker for Langerhans 
cells? Arch Dermatol Res 275:407-411, 1983 
13. Matutes E , Catovsky D: The fine structure of normal lymphocytes 
sllbpopulations. A study with monoclonal antibodies and the im-
munogold techniquc. Clin Exp Immunol 50:416-425, 1982 
14. Roth J: The co lloidal gold marker system for light and electron 
microscopic cytochemistry, Techniqucs in Immunocytochemis_ 
try, vol 2. Edited by GIl. Bullock, P Petrusz. London, Academic 
Press, 1984, pp 217-284 
15. Carlemalm E , Garavito M, Villiger W: Resin development for elec-
tron microscopy and an analysis of embedding at low temperature. 
J Microsc 126:123-143, 1982 
16. Roth), Lcntze MJ, Berger EG: Immunocytochemical demonstration 
of ecto-galactosyltransferase in absorptive intestinal cells. J Cell 
BioI 100:118-125, 1985 
17. Van Ewijk W, Coffman RC, Weissman IL: lmmunoelectron mi-
croscopy of cell surface antigens : a quantitative analysis of anti -
body binding after different fixation protocols. Histochem j 
12:349-361, 1980 
18. Heagerty AHM, Kennedy AIl. , Eady RAJ, Allen MH, MacDonald 
DM: Immunolabelling of basement mcmbrane and cell surface 
antigens: preliminary observations using co lloidal gold. J C utan 
Pathol 11:214-215, 1985 
19. Bendayan M: ProteinA-gold electron microscopic immunocyto_ 
chemistry: methods , applications and limitations. Journal of Elec-
tron Microscopy Techniq ue 1:243-270, 1984 
20. Dezutter-Dambuyant C, Schlnitt D , Faure M, Horisberger M , Thi-
volet J: Immunogold technique applied to simultaneous identifi_ 
cation of T6 and HLA-DR antigens on Langerhans cells by elec-
tron microscopy. ) Invest Dermatol 84:465-468, 1985 
